Superficial femoral artery stenoses: Characteristics of progressing lesions  by Walsh, Daniel B. et al.
Superficial femoral artery stenoses: 
Characteristics of progressing lesions 
Daniel B. W. alsh, MD,  Richard J. Powell, MD,  Therese A. Stukel, PhD,  
E. Lynne Henderson,  MD,  and Jack L. Cronenwett ,  MD,  Lebanon, N.H. 
Purpose: The purpose of this study was to assess the effect of superficial femoral artery 
(SFA) stenosis morphologic haracteristics and lesion location on the rate of atheroscle- 
rotic disease progression. 
Methods: We identified 19 patients who required arteriography for treatment of critical 
leg ischemia nd who had previously undergone arteriography of that leg when minimal 
or no symptoms were present. These initial incidental arteriographic evaluations were 
performed during evaluation of arterial disease in another vascular bed from 4 to 81 
months (mean, 32 months) previously. Distinct SFA stenoses or occlusion on the final 
arteriogram (n = 98) were characterized by their location, length, stenosis everity, and 
morphologic appearance on the initial arteriogram. The contribution of patient-specific 
risk factors to disease progression was also assessed. 
Results: Stenosis progression occurred independently among multiple lesions within the 
same patient (negligible intraciass correlation coefficient, r = 0.06). Lesions in the 
adductor canal region were more likely to occlude than lesions elsewhere in the SFA 
(adjusted odds ratio = 10.7; p = 0.03). Severity of initial lesion stenosis also was 
predictive of occlusion (adjusted odds ratio = 1.8; p = 0.04). However, most progressing 
lesions (93%) actually arose in areas of initially mild disease (stenoses <50%) despite more 
severe initial lesions elsewhere. Increasing age (p = 0.023) and previous contralateral leg 
bypass (p = 0.036) were also associated with increasing rates of lesion progression. 
Smooth-asymmetric lesions progressed 11% more slowly than other lesion types (p = 
0.003). 
Conclusions: Our analysis of atherosclerotic SFA lesion progression in patients with 
critical ischemia shows that initial stenosis everity was associated with higher occlusion 
rates and that smooth-asymmetric lesions progressed more slowly than lesions with other 
morphologic haracteristics. Severe stenoses usually arose from minimally diseased re- 
gions and progressed more rapidly than preexisting, more highly stenotic lesions. Most 
SFA occlusions resulted from disease progression i the adductor canal region whether or 
not antecedent lesions were seen on arteriography and whether or not more severe 
stenoses were initially present elsewhere. Increased age and history of previous contralat- 
eral bypass were patient-specific predictors of lesion progression. (J Vasc Surg 1997; 
25:512-21.) 
The rate of symptom progression i  patients with 
superficial femoral artery (SFA) atherosclerosis has 
been thoroughly described. 1-3 However, the natural 
history of individual SFA stenoses has not been well 
documented. 
In 1991 we reported an analysis of SFA stenosis 
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progression in which 72% of SFA lesions remained 
stable. 4 The average stenosis progression rate of all 
lesions, those that progressed and those that did not, 
was 12% diameter reduction per year. The patients in 
this study initially had minimal or no claudication, 
and during follow-up some patients' symptoms pro- 
gressed, whereas many remained stable. In an analy- 
sis of patient-specific risk factors we found that symp- 
tom progression, contralateral SFA occlusion, and 
smoking history were each associated with more 
rapid SFA stenosis progression. However, we noted 
extensive variability in stenosis progression that 
could not be explained by these identified predictors. 
We suspected that the characteristics of individual 
atherosclerotic lesions might be contributing to this 
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variation in overall SFA disease progression. To ad- 
dress this question we performed this study to exam- 
ine the arteriographic characteristics of individual 
SFA lesions in a different group of patients, all of 
whom had had severe, progressive, lower extremity 
ischemia. Our goal was to characterize l sion-specific 
attributes that might predict SFA stenosis progres- 
sion and occlusion in patients who would ultimately 
require intervention for these lesions. 
PATIENTS AND METHODS 
We retrospectively reviewed 364 patients who 
underwent arteriography and surgical treatment for 
symptomatic SFA occlusive disease at the Dart- 
mouth-Hitchcock Medical Center between 1984 
and 1992. From this group we identified patients 
who had previously undergone incidental arteriogra- 
phy of a now critically ischemic limb for an unrelated 
reason (e.g., occlusive or aneurysmal disease in the 
aorta or contralateral leg). These previous arterio- 
grams had shown the SFA in the leg where symptoms 
had now developed and required intervention. Only 
patients with high-quality cut-film arteriograms of 
the entire SFA were included. Patients who had pre- 
viously undergone ipsilateral SFA angioplasty or by- 
pass surgery were excluded. This yielded 19 patients 
who underwent diagnostic arteriography for severe 
SFA occlusive disease in 20 legs at a mean of 32 
months (range, 4 to 81 months) subsequent to the 
incidental initial arteriography performed when the 
SFA under study caused minimal or no symptoms. 
For purposes of this study the SFA was defined as 
extending from the origin of the profunda femoris 
artery to the level of the knee joint (recognizing that 
anatomically this includes the proximal popliteal ar- 
tery). An SFA "lesion" was defined as any distinct 
stenosis causing ->10% diameter eduction on the 
arteriogram. Lesions present on the initial arterio- 
gram and new lesions identified on the final arterio- 
gram were included in this study. Lesions were char- 
acterized by their degree of stenosis, length, 
morphologic traits, and location. Stenosis (percent 
diameter reduction) was calculated by measuring the 
narrowest portion of the contrast-filled column 
within the stenosis with calipers and optical magnifi- 
cation and comparing this with the width of the 
nearest normal appearing arterial segment. Lesion 
length was measured from the point at which the 
vessel walls were parallel above and below the lesion. 
Specific lesions were compared between studies by 
noting their relative location along the distance mea- 
sured from the origin of the SFAto the knee joint on 
each study. This accounted for any differences in 
Smooth, Symmetric Smooth, Asymmetric 
Irregulor, 
or 
Asymmetric 
Ulceroted, Complex 
Fig. 1. SFA lesion classification scheme based on mor- 
phologic ondition. Adopted from Ambrose JA, Winters 
SL, Arora RR, et al. Arteriographic evolution of coronary 
artery morphology in unstable angina. J Am Coll Cardiol 
1986;7:472-8. 
magnification between studies and ensured that the 
same lesions were being compared. Because stenoses 
were calculated as ratios of the stenotic to normal 
segments on the same arteriograms, this also ac- 
counted for any magnification difference between 
studies. All measurements were made with the recog- 
nition that uniplanar arteriography may underesti- 
mate disease in these locations. Every attempt was 
made to be sure the angles of radiography between 
comparison films were similar. Any large discrepancy 
was a cause for initial exclusion of that patient; there- 
fore no such discrepancy occurred in the 19 patients 
in this study. Arteriograms were analyzed in a 
blinded fashion so that all comparisons were made 
after lesion characteristics were measured. 
Quantitative classification of lesion morphologic 
characteristics was based on a scheme for characteriz- 
ing coronary artery stenosis previously described by 
Ambrose et al. s Lesions were categorized as smooth, 
symmetric; smooth-asymmetric; irregular, asymmet- 
ric; or ulcerated, complex (Fig. 1). Lesion categori- 
zation was made by One individual on the basis of the 
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dominant morphologic appearance of each lesion. 
Segments of the SFA with <10% diameter reduction 
were termed "normal." Lesion location was also cat- 
egorized as either within or outside the region of the 
adductor canal region. For purposes of this study the 
adductor canal region was defined as the 14 cm long 
region centered at the junction of the middle and 
distal thirds of the SFA based on the total distance 
from the profunda origin to the knee joint. This 
region encompassed 33% of the total SFA length in 
this study and was chosen to be certain to include the 
precise adductor canal in all patients. 
Stenosis progression rate (% diameter eduction 
per year) was calculated for each lesion based on the 
time interval between the initial and final arterio- 
grams. Lesions that did not demonstrate ->20% di- 
ameter reduction between arteriograms were consid- 
ered unchanged. This procedure was done to ensure 
that all changes seen on subsequent arteriograms 
were "real." In the instance of total SFA occlusion 
the lesion with the most severe stenosis on the previ- 
ous arteriogram was considered the "culprit" lesion. 
We recognize that another less severe lesion could 
have caused the subsequent occlusion, but for the 
purposes of the study we assumed that the most 
stenotic lesion caused the vessel occlusion. Less ste- 
notic lesions that could not be measured because of 
involvement in the segment of the artery with throm- 
bosis were considered unchanged. This factor biases 
our results toward overestimation f the importance 
of initially more severe stenoses. By measuring steno- 
ses at two time points and calculating progression 
rates, we have assumed that lesion progression is 
linear. Although this conclusion may not be precisely 
correct, we did not have multiple arteriograms on 
these patients, which would be necessary to define 
nonlinear progression. 
Statistical analysis. We identified lesion-based 
and patient-based risk factors for predicting stenosis 
progression rate and SFA occlusion rate, respectively. 
Stenosis progression rate was expressed as the annual 
absolute decrease in diameter (in percent) and was 
analyzed as a continuous variable with multivariate 
regression models. 6Occlusion rate was analyzed with 
Cox survival models; it was assumed that any ob- 
served occlusion occurred at the time of the final 
arteriography. 7 Because occlusion obviously oc- 
curred before this, however, our results may some- 
what underestimate occlusion rate. 
The lesion-based variables of interest were extent 
of initial lesion stenosis, initial lesion length, initial 
lesion morphologic characteristics (smooth-asym- 
metric vs other), and lesion location (in the adductor 
canal region or not). Patient-based risk factors that 
were analyzed were age, sex, previous contralateral 
leg bypass, presence of diabetes, initial ankle-brachial 
index (ABI), indication for initial arteriogram, and 
smoking history. All covariates were analyzed as con- 
tinuous variables where possible. Data are presented 
as mean + SEM. For both outcomes (stenosis pro- 
gression rate and SFA occlusion rate) we included 
initial lesion stenosis, initial lesion morphologic char- 
acteristics, initial lesion location, contralateral bypass, 
and smoking history in the basic model and per- 
formed a bacloward elimination procedure with the 
remaining covariates to identify additional indepen- 
dent predictors of poor outcome. 6 Initial stenosis, 
morphologic haracteristics, and location were in- 
cluded because they were previous hypotheses for 
this study. Contralateral bypass and smoking history 
had been previously identified as predictors ofsteno- 
sis progression. 4 Patients' serum lipid profiles were 
not consistently available and thus could not be ana- 
lyzed. 
First, we developed a lesion-based predictor 
model for the annual stenosis progression rate with 
ordinary multiple regression as described previously. 
Lesion-based analyses are valid if lesion progression 
rates among multiple lesions within the same patient 
are not correlated; othervdse these analyses underes- 
timate the standard errors of the regression coeffi- 
cients. 8We assessed the degree of correlation among 
lesions with a patient-based general linear model 
with intraclass correlation with the method devel- 
oped by Rosner 9and implemented by Gibson et al?0 
The intraclass correlation coefficient was used to as- 
sess whether the assumption of independence of le- 
sion progression rates for lesions within the same 
patient was valid. In our study the intraclass correla- 
tion coefficient among lesions was very low (r = 
0.058 _+ 0.055). Regression coefficients and their 
standard errors in the patient-based model were 
identical to those in the lesion-based model. This 
result indicates that lesion stenosis progression oc- 
curred independently among multiple lesions within 
the same patient. Therefore all results reported in this 
article originate from a lesion-based analysis but also 
incorporate patient-specific risk factors as described 
previously. By comparing different lesions within the 
same patient, the ideal "control" comparison is in- 
corporated into the analysis. 
RESULTS 
Of the 19 patients in this study, 10 (52%) were 
male. The mean age was 66 years (range, 55 to 82 
years). As expected, 84% of the patients had a smok- 
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Table I. Factors affecting SFA stenosis progression rate 
Mean interval 
between 
No. of arteriograms (too) 
Baseline variables lesions +- SD 
Mean stenosis 
progression rate (% 
diameter eduction/ Adjusted* regression 
yr) ++_ SE coefficient (SE) 
Initial stenosis everity 0-24% 56 33 _+ 19 
Initial lesion length 
Initial lesion morphology 
Lesion location 
25-49% 30 38 _+ 22 
50-74% 7 13 + 6 
75-99% 5 19 -+ 19 
0-1.9 cm 51 36 + 20 
2.0-5.9 cm 43 29 + 21 
>6.0 cm 4 17 -+ 9 
Normal 27 37 _+ 21 
Smooth-symmetric 8 22 _+ 19 
Smooth-asymmetric 40 34 -+ 20 
Irregular asymmetric 17 33 _+ 21 
Ulcerated complex 6 13 _+ 9 
Outside adductor canal 59 14 _+ 21 
In adductor canal 39 30 _+ 19 
Age (yr) 55-59 25 36 + 12 
60-64 27 26 _+ 20 
65-70 30 33 _+ 21 
70+ 16 36 -+ 28 
Sex Female 55 27 _+ 21 
Male 43 38 _+ 18 
Previous contralateral bypass No 34 38 _+ 24 
Yes 64 27 _+ 15 
Diabetes Absent 48 34 _+ 18 
Present 50 31 -+ 21 
History of smoking No 13 47 + 22 
Yes 85 30 + 19 
16 -+ 2 -3 .77  (2.07) per 0.07' 
25% increase 
10_+4 
18 -+ 11 
9_+5 
16_+3 
12_+3 
9_+7 
20_+3 
25_+9 
8 -+2 
14 -+ 
10_+ 
10 -+ 
19 -+ 
9_+ 
12 _+ 
17_+ 
21 _+ 
14 _+ 
13_+ 
12 _+ 
15_+ 
12+3 
16_+3 
11_+5 
14_+2 
NS 
11.11 (3.58) if not 0.003 
smooth- 
asymmetric 
9.09 (3.61) if in 0.014 
adductor egion 
5.37 (2.33) per 0.023 
decade older 
NS 
8.54 (4.02) if 0.036 
previous 
contralateral 
bypass 
NS 
NS 
*Multiple regression analysis, variables ignificant in final predictive model. 
ing history, with a mean smoldng history of 63 packs 
per year (range, 20 to 120 packs). In addition, 68% 
of the patients had coronary artery disease, 53% were 
diabetic, 31% had had a previous myocardial infarc- 
tion, and 68% had had a previous contralateral lower 
extremity bypass. The initial incidental arteriography 
was performed for contralateral lower extremity isch- 
cmia in 11 patients, aortoiliac disease in 7 patients, 
and ipsilateral tibioperoneal disease in 1 patient. At 
that time 31% of the legs had no symptoms, whereas 
the remainder had nondisabling mild claudication. 
The mean ABI in the leg at the time of initial arterio- 
graphic evaluation was 0.70 +- 0.02 (mean _+ SEM). 
At the time of the second arteriographic evaluation 
95% of the patients had limb-threatening ischemia of 
the leg (63% with tissuc loss, 31% with rest pain), 
whcrcas onc patient had very severe claudication. At 
this time the mean ABI had decreased to 0.37 _+ 
0.04 after a mean interval of 32 months. After the 
final arteriographic evaluation was performed, femo- 
ral-tibial/peroneal bypass was performed in 12 
(60%) legs, femoropopliteal bypass was performed in 
3 (15%) legs, 2 (10%) limbs had an inflow operation, 
1 (5%) limb had iliac balloon angioplasty, and 2 
(10%) limbs had no revascularization (one patient 
was medically unfit, and the one patient who did not 
have limb-threatening ischemia decided to live with 
this disability). 
The 20 SFAs studied harbored 98 distinct lesions 
that were observed for 32 _ 19 months between 
arteriograms (range, 4 to 81 months). On the initial 
arteriogram 71 stenoses were identified, whereas 127 
new stenoses (>-10%) appeared for the first time ,on 
the final arteriogram, having arisen from initially nor- 
mal appearing SFA segments. The mean initial diam- 
eter stenosis was 23% (range, 0% to 90%, Table I). 
The mean initial lesion length was 2.1 cm _+ 2.7 cm 
(range, 0 to 15 cm). The most common initial lesion 
JOURNAL OF  VASCULAR SURGERY 
516 Walsh et al. March 1997 
100 - -  
80-- 
"~ 60-- 
4o_  
20-- 
A 0-- 
100-- 
80-- i 
"~ 60--  
40.- , 
20- 
0 
C 0 
/ 
100 --1 ,;, 
! / 
8o_.. I - ,,. .~; 
"~ 60 
r -  
i j ~ ' ~ ;:- 
. 
2 
^ l=l I l I I l I 
1 2 3 4 5 6 0 1 2 3 4 5 
Time (years) Time (years) 
' s . . !  A 
-v  • 
4° I • 20  
i l i l l I D 0 I J l J I I 
1 2 3 4 5 6 0 1 2 3 4 5 
Time (years) Time (years) 
Big. 2. Stenosis progression rate based on initial stenosis everity for all lesions. A, Lesions 
originating from previously normal appearing regions ofSFA (n = 27). B, Lesions initially of 0% 
to 24% stenosis (n = 29). C, Lesions initially of 25% to 49% stenosis (n = 30). D, Lesions 
initially ->50% stenosis (n = 12). Note that many lesions in all categories remained stable, 
whereas ome in all categories progressed rapidly. Solid lines, Stable lesions; broken line, lesions 
progressing ---20% or occluding. 
morphologic trait was smooth-asymmetric (41%, Ta- 
ble I). Forty percent of all lesions were located in the 
adductor canal region. Of the 86 lesions with <50% 
stenosis on the initial arteriogram, 66 (77%) were 
either normal or smooth-asymmetric. Of the i2 le- 
sions with ---50% stenosis on the first arteriogram, 9 
(75%) were ulcerated, complex or irregular, asym- 
metric. 
At the time of the final arteriogram 57% (40 of 
71) of all the initial lesions remained stable (<20% 
diameter reduction), whereas 43% of the lesions pro- 
gressed (->20% diameter reduction). Of the 71 initial 
lesions, 7 (10%) progressed to occlusion. When the 
27 new stenoses found on the final arteriograms were 
included in the analysis, 43% (40 of 98) of the lesions 
remained stable, whereas 57% of the lesions pro- 
gressed. The mean diameter stenosis of all lesions on 
the final arteriograms was 50% (range, 10% to 100%). 
Of the 58 progressing lesions, 58 originated from an 
initial lesion causing <50% stenosis. Of the entire 
group of 98 lesions, I0 (10%) lesions progressed to 
occlusion. Six of the 10 occluding lesions originated 
from a lesion causing <50% stenosis. The rate of 
stenosis progression for all lesions was 14% _+ 2% 
diameter eduction per year. The average rate of 
stenosis progression for those lesions that progressed 
to occlusion was significantly higher than that for 
those that progressed but did not occlude (47% vs 
20% diameter reduction per year, p < 0.002). Fig. 2 
illustrates the variation of stenosis progression rates 
for each lesion based on the severity of initial steno- 
sis. 
Characteristics a sociated with lesion progres- 
sion. Table I reports the number of lesions and 
mean stenosis progression rates according to the le- 
sion-based and patient-based characteristics of inter- 
est. Adjusted regression coefficients and standard er- 
rors are also presented in Table I for the final set of 
predictor variables. Lesions that were smooth and 
asymmetric progressed slower than those with a dif- 
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Table I I .  Factors affecting SFA occlusion rate 
Adjusted odds* ratio 
Baseline variables No. of lesions Percent occluded (95% CI) p 
Initial stenosis everity 0-24% 56 5 1.78 ( 1.03, 3.07) 0.04 
per 25% increase 
Initial lesion length 
Initial lesion morphology 
Lesion location 
25-49% 30 10 
50-74% 7 29 
75 -99% 5 40 
0-1.9 cm 5i 10 
2.0-5.9 cm 43 9 
>6.0 cm 4 25 
Normal 27 7 
Smooth-symmetric 8 25 
Smooth-asymmetric 40 3 
Irregular asymmetric 17 18 
Ulcerated complex 6 33 
Outside adductor canal 59 2 
In adductor canal 39 23 
Age (yr) 55-59 25 12 
60-64 27 7 
65-70 30 7 
70+ 16 19 
Sex Female 55 5 
Male 43 16 
Previous contralateral bypass No 34 3 
Yes 64 14 
Diabetes Absent 48 10 
Present 50 10 
History of smoldng No 13 8 
Yes 85 i I  
5.80 (0.71, 47) not 
SITlooth- 
asymmetric 
10.74 (1.31, 88) in 
adductor region 
3.42 (0.40, 29) if 
previous 
contralateral 
bypass 
NS 
0.i0 
0.03 
NS 
NS 
0.26 
NS 
NS 
*Multiple regression analysis, variables significant in final predictive model. 
ferent morphologic ondition (8% per year vs 17% 
per year, p = 0.003); lesions located in the adductor 
canal region progressed faster than those located 
elsewhere (19% per year vs 10% per year, p = 0.01). 
Previous contralateral bypass (p = 0.036) and older 
age (p = 0.023) were also associated with faster 
stenosis progression rates. There was a small effect of 
initial lesion stenosis with initially more severe steno- 
ses progressing less rapidly (p = 0.07). Neither initial 
ABI nor diagnosis at the time of the first arteriogram 
was predictive of stenosis progression. Stenosis pro- 
gression rates also appeared unrelated to history of 
smoldng or initial lesion length, although the num- 
ber of long lesions was small. 
The interval between arteriograms was neither 
random nor determined by a strict prospective pro- 
tocol. Decision for the timing of a second arterio- 
gram was driven by deterioration in the patient's 
condition. The interval between arteriograms de- 
creased with more severe initial stenosis, longer ini- 
tial lesion length, previous contralateral bypass, re- 
male sex, history of smoldng, and complex ulcerated 
morphologic ondition. 
Characteristics associated with occlusion. 
Table II reports the number of lesions and the per- 
cent that occluded according to lesion-based and 
patient-based characteristics. Adjusted odds ratios 
(OR) and 95% confidence intervals for the final set of 
predictor variables are also reported in Table H. 
When adjustment is made for other variables in the 
final model, lesions in the adductor canal region were 
much more likely to occlude than those that were 
located elsewhere (OR = 10.7, p = 0.03). As initial 
lesion stenosis severity increased (grouped in 25% 
increments), risks of later occlusion also increased 
(OR = 1.8, p = 0.04). Lesions that were not 
smooth-asymmetric were somewhat more likely to 
occlude (OR = 5.8, p = 0.10), but this effect was of 
borderline significance with a large confidence inter- 
val. No other variable including patient-specific risk 
factors such as history of smoldng was found to be a 
significant predictor of SFA occlusion. 
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Fig. 3. Despite initial 30% stenosis in proximal SFAwith minimal adductor canal disease (l ft), 
SFA occlusion occurred in adductor canal region after 20 months of follow-up with progression 
but not occlusion of initially more severe stenosis (right). 
DISCUSSION 
In this study we selected a small group of patients 
with clinically progressive SFA disease who had un- 
dergone two artcriographic evaluations of  the same 
SFA to assess patient-specific risk factors and individ- 
ual SFA lesion characteristics that may predict SFA 
stenosis progression. As has long been assumed, we 
found that advanced age and progression f  athero- 
sclerosis elsewhere predict stenosis progression of  
atherosclerotic lesions under study. Wc also found 
that different lesions within the same patient appear 
to act independently. Lesion location in the region of 
the adductor canal was a significant lesion-specific 
characteristic that predicted more rapid stcnosis pro- 
grcssion and occlusion rate. Smooth-asymmetric le- 
sions appear to be relatively stable, because this com- 
mon characteristic was associated with slower 
stenosis progression and fewer occlusions than the 
other lesion types. The number of specific lesion 
types within each group was too small for further 
analysis, however, other than the comparison of 
"smooth-asymmetric" against all other lesions. As 
expected, and as most recently observed by Whyman 
et al.,ll initial stenosis everity was also predictive of 
occlusion rate, probably because these lesions had to 
progress the least to cause occlusion. However, two 
thirds (8 of 12) of the lesions with ->50% initial 
stenosis remained unchanged uring a mean fol- 
low-up of 20 months (Fig. 2). In addition, more 
than half (60%) of SFA occlusions originated from 
areas of mild (<50%) stenosis on the initial arterio- 
gram. Thus although more severe stenoses had a 
higher incidence of occlusion, most occlusions re- 
sulted from areas of initially mild disease. This is a 
direct result of the much larger number of mild 
stenoses (<50%) present in each SFA. Thus despite 
having a lower overall incidence of occlusion, steno- 
ses initially <50% diameter eduction actually ac- 
counted for most of the lesions causing occlusion. 
Furthermore this may be an underestimate, because 
SFA occlusions were always "attributed" to the most 
severe initial stenoses in that region, recognizing that 
a less severe, adjacent stenosis might actually have 
progressed to occlusion. 
Previous studies have found the adductor canal 
region to be the most common location of SFA 
occlusion. 12 However, this conclusion has been 
based on single arteriograms that did not allow an 
assessment of stenosis progression rate. We believe 
that this is the first study to prove that SFA stenoses 
in the region of the adductor canal not only occlude 
more often but that they also progress to occlusion at 
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a more rapid rate. In fact, most SFA occlusions re- 
suited from disease progression i the adductor canal 
region whether or not more severe stenoses were 
initially present elsewhere. Fifty percent of patients 
who had an SFA occlusion had a more severe nonad- 
ductor canal stenosis on the initial arteriogram that 
did not occlude (Fig. 3). 
Stepwise logistic regression analysis demon- 
strated that lesion location in the adductor canal and 
initial stenosis everity were the only lesion-specific 
variables that independently predicted lesion occlu- 
sion (Table II). The resulting regression equation 
was: logit Probability (occlusion) = -4.8 + 2.7 (if 
adductor) + 0.027* (% stenosis). Lesion location in 
the adductor canal was the most significant predic- 
tor, with these stenoses being 15 times more likely to 
occlude (Tabl e II). Increasing stenosis everity influ- 
enced the probability of occlusion to a lesser degree 
and had only a substantial influence for adductor 
lesions (Fig. 4). When patient-specific risk factors 
were also included in the multivariate analysis of SFA 
occlusion, male sex and a history of previous con- 
tralateral SFA bypass were added to the regression 
equation at the p < 0.05 level (logit Probability 
[occlusion] = -10.9 + 4.4 [if adductor] + 0.032* 
[% stenosis] + 3.4 [if male] + 4.1 [if previous con- 
tralatcral bypass]). However, lesion-specific variables 
appeared to have a greater effect on outcome than 
these patient-specific variables. Overall, only lesion 
location in the adductor canal predicted both greater 
lesion progression and occlusion. Despite the statis- 
tical significance of these regression equations, the 
accuracy of predicting the behavior of individual le- 
sions was low. 
SFA occlusion in the adductor canal region has 
been postulated to result from mechanical stress 
where the artery is anchored in place by fibers from 
the adductor magnus fascia. 12 Muscle contraction 
could then result in chronic repetitive compression 
and angulation of the SFA in this region. An alterna- 
tive hypothesis suggests that the proclivity for SFA 
stenosis in the adductor canal region relates to re- 
striction of compensatory enlargement that occurs 
elsewhere in the SEA. Analogous to coronary arter- 
ies, Blair et al. 13 found that the SFA underwent 
compensatory dilatation to maintain luminal diame- 
ter despite a progressing atherosclerotic plaque. In  
the adductor canal region, however, the SFA did not 
undergo compensatory enlargement in the presence 
of increasing stcnosis presumably because of me- 
chanical restriction of the artery. As a result the SFA 
was more likely to occlude in this region, is Although 
we have not investigated the mechanism, our data 
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Fig. 4. Effect ofSFA stenosis on probability of SFA occlu- 
sion during 2- to 3-year follow-up predicted by logistic 
regression analysis. Only stenoses >50% in adductor canal 
have probability of occlusion >50%. Lesions outside ad- 
ductor canal have low probability of occlusion independent 
of initial stenosis everity. 
confirm that SFA stenosis progression occurs more 
rapidly in the adductor canal region and results in 
more frequent SFA occlusion. 
The lack of effect of smoking history on stenosis 
progression or occlusion is surprising, because our 
previous work and much clinical experience suggest a
deleterious effect of smoking. Because our current 
study population was selected for disease progression 
and only 13 of 98 lesions were not exposed to to- 
bacco, our data pool may not be large enough to 
separate ffects of smoking from other more power- 
ful effects such as disease location or morphologic 
condition. There may be other confounding effects 
of smoking such as amount or time of cessation from 
smoking that our data are not accurate or large 
enough to detect. 
Previous attempts at developing morphologic 
predictors of atherosclerotic lesion progression have 
been confined to the coronary circulation, s 14,1s Am- 
brose et al) reviewed sequential coronary arterio- 
grams of 46 patients with unstable angina. In these 
patients 72% of the occlusions and high-grade steno- 
ses originated from previously mild stenoses (<50% 
diameter eduction). Haft and Al-Zarka 14 studied 
the origin and fate of morphologically complex cor- 
onary lesions. With serial arteriograms these investi- 
gators found that 66% of irregular complex lesions 
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Fig. 5. High-grade (75%) SFA stenosis (left) that remained unchanged during 4 years of 
follow-up (right). Although such lesions might be considered for "prophylactic" endovascular 
treatment, our analysis indicates hat most do not progress to occlusion over next 2 to 3 years. 
originated from areas that were smooth and <50% 
stenotic on the original coronary arteriogram. Only 
complex lesions with critical initial stenosis (>-95%) 
were likely (47%) to progress to occlusion. Initially 
complex lesions that were <95% stenotic occluded in 
only 4% of cases over several years of follow-up. Little 
et al. is reviewed sequential coronary arteriograms of
42 patients before and after myocardial infarction. In 
66% of the cases the lesion that occluded and pre- 
sumably caused the infarction was present in an ar- 
tery other than the one that contained the most 
severe stenosis on the initial arteriogram. Of the 
lesions that occluded, 66% had mild (< 50%) stenosis 
on the initial arteriogram. In 97% of the cases the 
occlusion arose from a stenosis that was initially 
<70%. Because of the frequent progression of mini- 
mal coronary lesions the authors of these three stud- 
ies concluded that arteriography was inadequate to 
accurately predict the timing or location of subse- 
quent coronary artery occlusion. 
Analysis of our data demonstrates that atheroscle- 
rosis in the SFA appears to behave similarly to that in 
the coronary circulation. Smooth-asymmetric lesions 
appear more stable than other lesion types. Our sta- 
tistical model predicts that long, complex, critically 
stenotic lesions, especially those lesions in the adduc- 
tor canal region, will occlude more rapidly than other 
lesions. However, our results also indicate that most 
progressive symptomatic SFA lesions arise from pre- 
viously insignificant stenoses like the coronary circu- 
lation presumably as a result of plaque fissuring, 
rupture, and thrombosis. 16,I7 Acute plaque rupture 
rather than a gradual accumulation ofatherosclerotic 
plaque also better explains the rapid stenosis progres- 
sion (47% diameter reduction per year) in those le- 
sions that occluded. The intermittent yet rapid pro- 
gression of these unstable lesions could result in 
rapid symptom development without an opportunity 
for the artery diameter to increase or for collateral 
circulation to develop as would happen with a more 
gradual accumulation of plaque in the stenotic re- 
gion. Acute plaque rupture as a cause for intermittent 
claudication has been described recently based on an 
iliac atherectomy specimen. 18 This mechanism of le- 
sion progression may be more common in the pa- 
tient population studied here, 95% of whom had 
progressed to limb threat. SFA progression i  stable 
patients with claudication may develop by a different 
mechanism, possibly by the slow progression of sta- 
ble-asymmetric lesions, and at a more orderly rate. 
This is supported by previous work that has shown 
that patients with previously stable claudication re- 
quire revascularization at a rate of only 9% per year? 
In addition, we have previously found that patients 
with no symptoms or patients with minimal claudica- 
tion had progression of SFA stenoses in only i2% of 
cases after a 31/2-year follow-up. 4
Our data could be used mistal;enly to support 
"prophylactic" angioplasty of asymptomatic SFA ste- 
noses in the adductor canal region. We have previ- 
ously demonstrated that symptom progression is a 
good predictor of SFA disease progression. 4 How- 
ever, the opposite is not the case; that is, SFA disease 
progression does not always imply symptom progres- 
sion. By performing yearly arteriography on patients 
with intermittent claudication, Coran and Warren ~9 
demonstrated that SFA disease progressed in 74% of 
limbs during follow-up. However, symptoms wors- 
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ened in only 11% of these limbs, indicating that SFA 
occlusion may occur with only minimal worsening of 
symptoms. Our current study specifically focused on 
patients whose minimal symptoms progressed to 
limb threat in an attempt o define predictors of 
virulent progressive disease. In our study if all pa- 
tients with SFA stenoses initially ->50% diameter re- 
duction had undergone ndovascular treatment, this 
would have been unnecessary in 66% of cases during 
the next 2 to 3 years. Even stenosis location in the 
adductor canal region does not appear to be a suffi- 
ciently accurate predictor to justify routine prophy- 
lactic intervention. In fact, if only those patients with 
adductor canal region stenoses -> 50% had undergone 
endovascular t eatment, his would have been un- 
necessary in 55% of our patients, because more than 
half of these lesions did not occlude during follow-up 
(Fig. 5). Current results of balloon angioplasty for 
patients with claudication and SFA stenoses yield an 
expected 2-year patency rate of 62%. 2° Thus at best 
only 28% of patients would receive a potential 2-year 
benefit, if angioplasty were performed with prophy- 
laxis for ->50% SFA stenoses, even in the adductor 
canal region, where such lesions are most likely to 
progress. Because many of these potential SFA occlu- 
sions would not cause sufficient symptoms to warrant 
intervention, the frequency of benefit from prophy- 
lactic treatment would actually be much lower than 
28%. We do not believe that this low yield will prove 
cost-effective. 
We acknowledge assistance with programming by 
Margaret Grove, statistical nalysis by Julia Weiss, MS, and 
Eugene Demidenko, PhD, and manuscript reparation by 
Kathleen J. Crowe. 
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